1. After W-methylhistidine (W-MH) distribution among the various organs or the tissues was determined in male broiler chickens of 15 d of age, the rates of degradation of myofibrillar proteins in male layer and broiler chickens at different stages of growth were determined by means of W-MH.
Growth in animals takes place either by an increase in the rate of tissue protein synthesis or by a reductiori in the rate of protein degradation. Therefore, the processes of protein synthesis and protein degradation play equally important roles in the control of protein deposition in animals. The rate of degradation of myofibrillar proteins has been calculated from urinary excretion of Nr-methylhistidine (Nr-MH) in small animals (Young et al. 1972; Nishizawa et al. 1977) , farm animals (Nishizawa et al. 1979; and man (Young et al. 1973; Long et al. 1975) .
In the present investigation, W-MH distribution among various organs and tissues was determined in broiler chickens, and the rates of degradation of myofibrillar proteins of skeletal muscle in broiler and layer chickens at different stages of growth were estimated.
The present results strongly suggest that rapid growth of broiler chickens originates in the slower rate of body protein degradation.
M A T E R I A L S A N D METHODS
Expt. 1. Distribution of Nr-MH among organs and tissues. Five commercial male broiler chickens of 15 d of age and weighing 173-205 g were used. The animals were killed by decapitation and the viscera removed quickly and weighed. After removal of the viscera, the skin was removed and weighed. The carcass was weighed and the skeletal muscle excised with a knife and weighed; however, as the skeletal muscle could not be excised completely the bones were boiled for 3 h to remove muscle. The bones were then crushed and a part used for NT-MH determination. Samples of the organs and tissues were retained for analysis of Nr-MH and stored at -20".
The Nr-MH content in the samples was analysed by a modification of the method of Nishizawa et al. (1978) . The samples were weighed into Ehrlenmyer flasks and hydrolysed with 6 M-hydrochloric acid in an autoclave (1 15' ) for 20 h. The samples were completely hydrolysed by autoclaving for 20 h. Almost 100% recovery was demonstrated by treating authentic N7-MH with the previously-described procedure. The hydrolysates were cooled and passed through filter paper; after hydrochloric acid was removed by evaporation under reduced pressure, the hydrolysates were redissolved in water and evaporated again in the presence of a small amount of sodium hydroxide in order to facilitate removal of ammonia. The residue was solubilized and made up to 25 ml with 0.2 M-pyridine. The resultant solution was passed through filter paper and a portion applied to a resin column (12 x 200 mm, Dowex 50 x 8, pyridine form) to isolate N7-MH. N7-MH in the fractions were determined photometrically by a small modification of the method of Ward (1978) ; in this method most amino acids are not detected. The standard curve was made using N7-MH solubilized in 1 M-pyridine and the reacted solution of N7-MH with ninhydrin was allowed to stand for 2 h before measuring optical density. Expt 2. The rate of excretion of N7-MH in chickens. Commercial male broiler and layer chickens of 21,42 and 63 d of age were used. The number of birds was ten in each group with the exception of 21-d-old layer chickens (twenty birds). Ingredients, chemical composition and N7-MH content of the diets are shown in Table 1 . The diets were made mainly of maize meal and purified soya-bean protein. Diets 1 and 2 were formulated according to published standards (National Research Council of Agriculture, Forestry and Fishery (Japan), 1974) to contain approximately 200 and 160 g crude protein (nitrogen x 6*25)/kg respectively. Determined crude protein values for both diets were slightly lower than the calculated values. Birds were maintained on the experimental diets for at least 4 d before starting the excreta sample collections. The birds of 21 d of age were fed on diet 1 and the birds of 42 and 63 d of age were fed on diet 2. Excreta samples on the plastic trays were sprayed with boric acid (30 g/l) twice daily at 19.00 and 21.00 hours to minimize microbial destruction of NT-MH, and collected every day at 14.00 hours using a rubber scraper and a small amount of water. The samples were collected on four consecutive days. The birds were individually housed in wire cages in an air-conditioned room maintained at 23 (SE 1)" under controlled light (14 h light). At the end of the experimental period, the birds were killed. The carcasses were weighed and skeletal muscles were excised with a knife and weighed. Samples of tissue and excreta were stored at -20" until analysed. Nr-MH contents in the samples and feed were measured as mentioned previously.
Two-way analysis of variance was used to indicate differences between groups and, in the case where the data increased in variability with age or weight of birds, the analysis was performed after log transformation of the data.
R E S U L T S

Expt 1
The distribution of Nr-MH among the organs and tissues is shown in Table 2 . In the case of 15-d-old chickens, skeletal muscle contained 57% of the total body content of Nr-MH. Most of N7-MH derived from other than skeletal muscle was from stomach, bone and head, skin and feathers and others, and their contributions were 6, 19, 6 and 9% respectively. However, since the W-MH contents in the bone and blood were very small, W-MH in these tissues seemed to be derived from unremoved skeletal muscle. Therefore, N7-MH content in the skeletal muscle of 15-d-old chicken appeared to be about 7 6 % .
Expt 2
Body-weight gain and feed conversion ratio of the birds at 21,42 and 63 d of age are shown in Table 3 . Body-weight gain was higher in the broiler than in the layer chickens at all stages of growth. However, although the feed conversion ratio was superior in broiler chickens than in layer chickens at 21 and 63 d of age, the result was reversed at 42 d of age. Weight of muscle and N7-MH contents in the muscle and excreta are shown in Tables 4 and 5 together with the contribution of feed to the N7-MH content in excreta. N7-MH derived from feed was subtracted from the excreted W-MH to estimate N7-MH derived from body tissues, and this was multiplied by 0.8 to give roughly the excreted Nr-MH derived from skeletal muscle. W-MH concentration of muscle @mol/g) was significantly higher in layer chickens than in broiler chickens. The large difference of muscle N7-MH content between layer and broiler chickens was a result of difference in muscle size.
Rates of skeletal muscle protein degradation and synthesis are shown in Fig. 1 ; they were calculated by the equations reported by Funabiki et al. (1976) . The rates of degradation were significantly higher in layer than in broiler chickens. The rates of degradation in the male layer and broiler chickens of 21, 42 and 63 d of age were 6.1,4.5 and 2.4% /d (layer) and 5.0, 2.8 and 0.9% /d (broiler) respectively. The rates of synthesis were much the same in both breeds of chicken with the exception of 42-d-old chickens in which the rate was significantly higher in layer than in broiler chickens. The rates of synthesis in the male layer and broiler chickens of 21, 42 and 63 d of age were 11.2, 8.7 and 4.5% /d (layer) and 10.5, 4.9 and 3.9% /d (broiler) respectively. These calculations involve the assumption that the rates of protein degradation of all tissues were the same as that of muscle.
DISCUSSION
N7-Methylhistidine (N*-MH) is an amino acid produced within tissues by the posttranslational methylation of histidine in actin and in myosin of white muscle fibres. When proteins containing N7-MH are degraded, the amino acid is released but not re-utilized or metabolized, and it is excreted unchanged in the urine. Injected N7-MH is not altered in its passage through the body, N7-MH does not charge tRNA for protein synthesis, and the major pool of W-MH in the whole body is muscle (Young & Munro, 1978) . In chickens, Cowgill & Freeburg (1957) and Saunderson & Leslie (1983) observed that injected N7-MH, labelled with 14C in the methyl group, was not oxidized nor incorporated into proteins, and most of it was recovered in the excreta. On the basis of these findings it has been suggested that the rate of skeletal muscle protein degradation may be estimated from the excretion of N7-MH. The potential of the N7-MH measurement has been quickly realized in clinical studies, but with the obvious importance of lean meat in animal farming practice the technique has a potential role in agricultural research.
However, contractile proteins in non-skeletal muscle tissues may turn over so rapidly that,
K U N I O K I H A Y A S H I A N D O T H E R S
although their pools of protein-bound N'-MH are small, these non-skeletal muscle sources may contribute considerably to the daily NT-MH excretion in the urine (Millward et al. 1980; Wassner & Li, 1982; Millward & Bates, 1983) . Nagasawa & Funabiki (1981) have reported that the contributions to urinary excretion of NT-MH from skeletal muscle, intestine and skin (%) were 75.6, 2.2 and 22.2 respectively in rat, and the fractional degradation rates ( K d ) of those tissues (% /d) were 2.87, 5.99 and 8.72 respectively. These results show that the contribution of skin is not negligible. The problem becomes acute if the muscle mass is reduced as a result of muscle wasting. Griggs & Rennie (1983) and Rennie & Millward (1983) have reported that urinary excretion of N'-MH cannot be used as a measure of skeletal muscle protein degradation. In most farm animals, muscle comprises a larger proportion of lean body mass than it does in the rat; therefore, even if non-muscle protein turns over at a higher rate than muscle protein, the problem should be less significant than that in the rat. Our results showed that skeletal muscle contained about 76% of the total body N7-MH in the 15 the W-MH content of these tissues is calculated to be about 11 % . As mentioned earlier, N'-MH of these tissues seems to come from unremoved skeletal muscle, thus the NT-MH content in the skeletal muscle of 90-d-old chickens is expected to be about 84%.
Although there is some evidence that N7-MH measurement is not always valuable, as mentioned previously, in most normal farm animals it must still be a useful index of the rate of muscle protein degradation, except sheep (Harris & Milne, 1980) and pig (Harris & Milne, 1981 b) .
Macdonald & Swick (198 1) reported that the fractional degradation rates in breast-muscle protein of 4-, 6-and 7-week-old-layer chickens were 18, 14 and 13% /d respectively. In their experiment, the rates of protein synthesis were measured by injecting a massive dose of L-[ 1 -14C]valine, and rates of protein degradation were estimated as the difference between the synthesis rate and the growth rate of muscle protein. These values are much higher than the present values and the age-difference is much smaller than that in the present study (Fig. 1) . However, Macdonald & Swick (1981) stated that there is a wide range of variation in the estimates of the rates of protein synthesis and degradation and, at present, no known radioisotopic technique gives satisfactory rates of degradation in muscle under all conditions.
Studies in young animals have shown that high rates of growth are accompanied by both elevated protein synthesis and degradation (Perry, 1974; Millward et al. 1975) , a situation which is energy expensive. The present selection of farm animals is based mainly on an increased appetite effect whereas a more efficient deposition of protein, involving both conservation of N and energy, is preferred. However, we are limited in basic information to aid the geneticist, other than to state the ideal of high synthesis and low degradation rates.
Our experiment clearly showed that Kd was smaller in the broiler than in the layer chickens and that fractional synthesis rate (K,) was much the same in both breeds, with the exception of the 42-d-old chickens where the K , was significantly lower in the broiler than in the layer chickens. The feed conversion ratio was also superior in the 42-d-old layer chickens than in the 42-d-old broiler chickens, where the value was lower than that reported by Reece & Lott (1983) . They reported that the feed conversion ratio of broiler chickens was linear with age over the period 35-55 d of age. We repeated the experiment to check the feed conversion ratio. However, the result was similar to that reported in the present experiment.
The present results strongly indicate that the rapid growth and efficient feed conversion of the broiler chickens is facilitated by not only an increased appetite but also by a lowered rate of protein degradation, and that the rate of excretion of W-MH may contribute to the genetic selection of meat animals.
